In this talk, I show the automated Monte Carlo simulations at next-toleading order in QCD as well as its matching to parton showers are already feasible within the framework of MadGraph5 aMC@NLO. I briefly overview the recent activities and take the colored particle production at the LHC as examples. The tools and the models are ready for using by both phenomenologists and experimentalists.
Introduction
The successful operation of LHC provide the unique opportunity to explore the particle physics beyond the Standard Model (BSM) at the TeV scale. Although most of the experimental searches at the LHC do not show any deviations from the Standard Model (SM), it still leaves some possibilities of (in)directly observing new physics at the LHC in the future, either via the precision measurements or via the exotic signatures. The searches at the LHC are heavily relying on the Monte Carlo simulations, where most of the time only leading order (LO) matrix element in a new physics model is taking into account. The main arguments in satisfying the LO results are: 1) there are many possible variations of new physics models; 2) no BSM signatures are confirmed at the LHC; 3) next-to-leading order (NLO) calculations usually take a lot of time on techniques instead of phenomenology. It is true that the first two arguments are still hold today, while the third one start to change with the recent development of automated tools.
MadGraph5 aMC@NLO [1] is such a framework to automated generate NLO accuracy unweighted events after matching to parton showers with the method of MC@NLO [2] . The infrastructure of MadGraph5 aMC@NLO requires two pieces of model-dependent counterterms from NLO model generation tools, i.e. the renormalization terms and the rational terms R 2 [3, 4, 5, 6, 7, 8, 9] , where the latter was originally introduced in the OPP method [10, 11] . A dedicated module NLOCT [12] in FeynRules [13, 14] was designed to analytically derive the Feynman rules for these counterterms on the fly. Once the NLO model is ready, the virtual contributions (one-loop amplitudes and counterterms) will be taken care of by the module MadLoop [15, 16] , while the real radiation contributions will be computed by MadFKS [17, 18] . All of the above procedures are automated as long as the Lagrangian of the model is implemented manually in FeynRules.
Extensive phenomenology studies of NLO QCD corrections in the MadGraph5 aMC@NLO framework for processes in BSM have been performed, and hence there are already several NLO models available on the FeynRules webpage [19] . They are:
1. colored particle production in simplified models [20] 7. heavy neutrino production [42] .
I summarize the number of BSM NLO papers published during 2013-2016 in the MadGraph5 aMC@NLO framework in Figure 1 , which clearly shows the increasing activities in the field in recent years. In this talk, I will only focus on the colored particle production at the LHC. I would like to emphasize that the NLO calculations in BSM are not only trivial applications based on the architectures for the SM calculations. There are many new ingredients should be introduced (e.g. nonrenormalized operators, fermion-flow violation, special finite renormalization counterterms etc), which are absent in SM. 
Colored particle production
In this section, I will take three examples of the new colored particle production at the LHC in BSM, which are motivated by the LHC experimental searches.
Colored scalar pair production
A first example for new colored particle production at NLO QCD accuracy in the MadGraph5 aMC@NLO framework is the pair production of the color-triplet scalar σ 3 in a simplified model [20] , which was motived by the stop pair searches at the LHC. 1 The corresponding production Lagrangian is
while its decay Lagrangian is
where χ is a gauge-singlet Majorana fermion couplings the stop σ 3 to the top quark. The above simplified model provides the signature of the stop searches in the top quark pair plus missing energy channel. We have analytically checked the expressions of the renormalization counterterms and the R 2 terms by three independent calculations. The spin-correlated decays of σ 3 have been performed with the help of the modules MadSpin [43] and MadWidth [44] . For the illustrative purpose of our numerical analysis, we fixed the new couplingsg L,R with the typical values for supersymmetric models featuring a bino-like neutralino and a maximally-mixing top squark
The masses of σ 3 and χ are kept free. The numerical cross sections have been validated with Prospino [45] . We presented the LO and NLO total cross sections for pp → σ 3σ3 + X production at the LHC in Table 1 . Both 8 TeV and 13 TeV results are given in accompanying with the theoretical uncertainties. In general, the NLO QCD corrections enhance the cross section from 25% to 50% depending on the mass of σ 3 . Scale uncertainties are significantly reduced from 30 − 40% at LO to 15% at NLO. The PDF uncertainties from 100 NNPDF replicas [46] are subdominant except in the large m 3 region, because the partonic luminosity is mainly determined by the larger Bjorken fraction x region of the PDF.
The inclusive total cross sections are independent of parton showers due to its unitarity. However, the differential distributions may be significantly changed by the parton showers. In the fiducial regions at the LHC, it would be necessary to match NLO QCD calculations with parton showers, which provides exclusive descriptions of the QCD radiations. We examine several differential distributions after matching to parton showers provided by Pythia8.1 [47] . The missing transverse energy distributions in three benchmark points (m 3 , m χ ) = (500, 50), (1000, 50), (500, 200) GeV are shown in Figure 2 , where we imposed single lepton case from the top quark decays in MadAnalysis5 [48] . Although the K-factor depends on the scenario, rescaling a LO sample with a constant K factor are in general not suitable.
Supersymmetric QCD
A second step is to generalize our previous simplified model to the complete supersymmetric QCD [21] , which includes different flavors of squarks and the gluon's supersymmetric partner gluino. fields can be described as
where the flavor and color indices have been suppressed. Besides the ordinary new renormalization constants, we also need to introduce two new renormalization terms. The first one is the mixing angle renormalization via
which generates an off-diagonal mass counterterm Another type of counterterms, the so-called supersymmetric restoring counterterms, should be introduced because we are working in dimensional regularization, which breaks the supersymmetry at loop level. Although there exists dimensional reduction to preserve the supersymmetry beyond tree level, one should still calculate the finite renormalization pieces in order to match with the determination of PDF. We derived these finite supersymmetric restoring counterterms as
Comparing to the full MSSM, we simplified the electroweak sector, while its generalization to the full MSSM is in progress. The decay Lagrangian is In the above equation, Y q is denoted as the hypercharge of the (s)quarks.
We studied the case of the gluino pair production in proton-proton collisions, with each gluino decaying into two jets and a χ [21] . It corresponds to the signature of the multijet production and a missing transverse energy E T . For simplification, we only consider the scenario of the split supersymmetry [49] in our numerical analysis, which follows the strategies in ATLAS [50, 51] and CMS [52, 53] gluino searches. The numerical results have been cross checked with Prospino [45] in the degenerate squark spectrum case, while our approach is also rigorous in the non-degenerate cases. In Table 2 , we listed the LO and NLO cross sections for the gluino pair production at 13 TeV LHC in terms of the mass of gluino. The NLO QCD corrections enhance the LO cross sections by 50% and reduces the scale uncertainties by a factor of 2. Various differential distributions after matching to parton showers in Pythia8.2 [54] via the MC@NLO approach are available in Ref. [21] .
Our sucessful phenomenological application for the Majorana fermion gluinog production indicates the correct treatment of the fermion-flow violation in MadGraph5 aMC@NLO, which is a new feature compared to SM physics.
Vector-like quark models
My last example is the vector-like quark production in vector-like quark (VLQ) models [22] . Vector-like quarks, whose left-handed and right-handed components are in the same representations of the SM gauge groups, are common predictions of many new physics models, like extra dimensions and composite models. They play important roles in CMS and ATLAS experimental searches. The model-independent effective VLQ Lagrangian
where the electromagnetic charges of (T, B, X, Y ) are (+ 
The phenomenological upper limit of the coupling strength κ Q can be loosn to (0.07, 0.2, 0.1) if the mixing only involves the first, second and third generation respectively. I take VLQ quark T pair production as an example. The total inclusive cross sections by scanning the mass m T from 400 GeV to 2 TeV are shown in Figure 3 . Due to the kinematical enhancement, the t-channel weak boson exchange diagrams will dominant when m T > 1.5 TeV. The same-sign VLQ pair production does not receive any QCD-type Born diagram contributions. Hence, the contribution is only relevant when m T > 1 TeV. Extensive discussions and the numerical results can be found in Ref. [22] .
Conclusions
The automation of NLO QCD accuracy simulations in new physics is now feasible via a joint use of FeynRules and MadGraph5 aMC@NLO. Many phenomenological studies have been performed in the framework, which help to lift several restrictions applicable only to SM physics. A few NLO models are already available and ready to use for both experimentalists and phenomenologists. I take three examples of new colored particle 400 600 800 1000 1200 1400 1600 1800 2000 production at the LHC. In general, NLO QCD corrections are quite sizable and able to reduce the theoretical uncertainties significantly. These results may impact the (re)interpretations of the LHC data in the corresponding new physics models.
